62
There has been significant attention in the conservation literature on the extent to which 63 protected areas attract migrants or prevent in-migration. This is important for two reasons.
64
Firstly, increases in human population due to in-migration may result in increased pressures on 65 biodiversity (Scholte & De Groot, 2010) , which need to be understood and incorporated into 66 policy responses (Zommers & MacDonald, 2012) . Secondly, it can provide insights into the 67 extent to which protected areas pose a net cost (due to restrictions on resource use), or net 68 benefit (improvements in infrastructure, employment, or valued ecosystem services outweigh 69 these costs) to local people (Wittemyer et al., 2008; Joppa et al., 2009; Salerno et al., 2014) .
70
Early case studies supported the idea that protected areas caused in-migration leading to 
141

Site selection
142
Following reconnaissance visits, and pilot surveys, we purposively selected five sites (see Fig.   143 1 and Table 1 ). Four are on the forest frontier: two of which have a long history of conservation 
146
Although it is not possible to say that these sites differ only in terms of their history of 147 conservation, they were carefully selected to be as similar as possible in terms of other total we completed the survey with 603 households across our five study sites (see Table 2 ). Table 3 ). We also asked 
198
We selected a stratified random sample based on household size and landholdings from our 199 initial survey for a more detailed agricultural survey (see Table 2 ; NB Mantadia wasn't included Qualitative data collection 204 We conducted key informant interviews and focus group discussions in each site except 205 Mantadia (see Table 2 ). This research was part of a wider project investigating land use (see We then held further focus groups to discuss the current land use and livelihood systems, 211 ecosystem services, and institutions governing decisions about natural resources including,
212
where relevant, a focus group with members of the community forest management association.
213
Some topics, especially relating to land tenure, were touched on in several of the focus groups,
214
allowing for a broader representation of views. All discussions were facilitated in Malagasy by 215 two people with one taking free-hand notes. We also recorded discussions using an MP3 player.
216
To complement information obtained from focus group discussion we carried out key informant 217 interviews with local leaders in each site.
218
Research ethics
219
The study was approved under the Bangor University Research Ethics Framework. We 220 explained to respondents that participation in the research was voluntary and they could leave 221 at any time. We also made it clear that no identifying information would be shared with others.
222
Participants in the household survey were given a small gift of useful items to a total value of 223 3000 ariary (approximately $1) as a gesture of appreciation. The detailed agricultural surveys 224 took a day so we paid respondents the daily wage rate of 5000 ariary (approximately $1.85).
225
During focus group discussions we provided refreshments.
Data analysis
227
All quantitative analyses were conducted in R 3. 
Estimating distance of migration
241
We estimated the Euclidean distance between the centroid of the commune where the head of 242 household was born (using the map BD 500 FTM, scale 1:500000) and the fokontany where 243 they are resident (geolocated in the field) using Qgis 2.9 software.
244
Exploring differences between migrant and non-migrant households on the forest frontier
245
In order to explore the extent to which migrant status is predicted by education of the household 246 head, household age, distance to the forest, and protected status of the site, we used a binomial 247 We included an interaction between household age and protected area status to account for the 
283
Qualitative data analysis 284 The facilitators of our focus group discussions and key informant interviews produced a 285 consolidated set of notes (in English) for each discussion based on their free-hand notes 286 combined with additional excerpts transcribed from the MP3 recordings. We used thematic 287 analysis to interrogate the consolidated notes for insights into who migrates and why, whether 288 land use practices of migrants differ from those of non-migrants, and the practicalities of land 289 tenure. Analysis was undertaken using QSR International's NVivo 11 Software.
290
Results
291
Across the whole sample, 35% of households are headed by a migrant. However, the proportion 293 of migrant households varies markedly between sites (see Fig. 1 , Table S1 ). In the sites adjacent 294 to the CAZ new protected area the proportion of migrants is much higher (Ampahitra: 70% 295 migrants, Sahavazina: 34% migrants) than in sites adjacent to the long established protected 296 areas of Zahamena (15% migrants) and Mantadia (5% migrants). The vast majority of migrants 297 have moved relatively short distances; more than 90% have moved less than 50km (see Fig. 2 ).
298
Modelling suggests that richer and more educated migrants have moved further (see Table S3 ).
299
We have no quantitative data from our study sites on the frequency of out-migration but 300 qualitative data suggests that out-migration from these sites (other than temporary periods for 301 work or education) is rare.
302
The drivers of migration and migrants' right to settle 303 The greatest number of people give 'access to land' as the primary reason for their migration, 304 but this varies greatly between sites (see Fig. 1 ). Access to land is the dominant driver in the 305 sites of Ampahitra and Sahavazina which lack a history of conservation restrictions. Marriage 306 or following family members is also commonly given as a reason for migration (Table S1 ).
307
The qualitative research gives some valuable perspective on this quantitative data. Some 308 migrants refer to themselves as mpilaravinahitra (literally 'looking for green leaves'). This The characteristics of migrants at the forest frontier 330 The people living around CAZ are very poor by all measures (see Table 3 ). For example, the 331 majority of people live in a single roomed thatched house, have insufficient access to light and 332 do not have sufficient food to eat all year round (Table 3) . Tropical Livestock Units (a well- there were no systematic differences in wealth between migrants and non-migrants (Fig. 3b) , 336 or between migrants with different reasons to migrate (Fig. 3c) . There was also no difference 337 between the household age of migrants and non-migrants (meaning that on average the migrant 338 households we interviewed had been established as long as the non-migrant households).
339
However, migrants tend to be more educated than non-migrants and tend to live closer to the 340 forest edge than non-migrants (Fig. 4, Table S3 ). Migrants are much more common at sites 341 close to the newly established CAZ protected area than the established protected area (Fig. 4, 342 Table S3 ).
343
The qualitative data shows that although there are cases of conflict between migrants and non-344 migrants (especially over access to land), migrants are often well integrated into village life.
345
We heard examples of migrants who became village chiefs (a state administrative role) for This was quite a marked effect; a household of mean age (11.5 yrs) situated a mean distance 353 from the forest frontier (2 km) has an 10% probability of having cleared land from forest if it is 354 an established protected area compared to 37% if close to an area without a history of protection.
355
Migrant status is not a significant predictor of land clearance ( Fig. 5 ; full model details in Table   356 S3 common. Across the sample, more than 30% of households meet our definition of migrants.
383
The majority however have moved only relatively short distances (less than 50km). That most 384 migrants travel only a short distance has been recognised as one of the 'laws' of migration since
385
Ravenstein's seminal work in the 1880s (Lee, 1966 
420
The migration events explored in our study will have occurred over the past few decades. highly dependent on small-scale agriculture, will continue to rely on forest resources for the 495 foreseeable future in Madagascar. Rural-rural migration will be likely to continue wherever 496 people identify opportunities for agricultural expansion.
497
Can land tenure reform contribute to slowing deforestation?
498
There is increasing awareness among conservationists of the importance of tenure for 499 conservation outcomes (Robinson et al., 2017) . We contribute to this by arguing that in areas 500 where in-migration continues to put pressure on the forest frontier, overcoming this challenge 501 without relying on coercive methods (Peluso, 1993), will require interventions involving 502 improving tenure security for current forest frontier residents.
503
Protected areas can reduce in-migration by closing the forest frontier to further expansion (as 
510
There is growing evidence that secure tenure is itself linked to forest cover; with secure land securing tenure to common lands is therefore important (Wily, 2008) .
525
Policy implications for Madagascar
526
Protected Areas in eastern Madagascar have attracted few migrants in the last few decades.
527
However, in-migration rates into other forest frontier villages (such as those around the new 528 CAZ protected area) remain high. We found that migrants are no more likely to clear land per 529 capita than non-migrants, however it is important to note that by adding to the population they assistance and inputs such irrigation improvements or subsidized fertilizers) can, at least in 533 theory, slow in-migration (Bilsborrow, 2002) but given the ongoing increases in rural population growth rates, such interventions will be unlikely to reduce in-migration at the forest 535 frontier in the forseeable future. We argue that improving tenure security for existing residents 536 will be vital to reduce migration to the forest frontier, and protect existing forests without undue 537 costs being placed on existing forest frontier residents.
538
Our study shows that well managed protected areas in Madagascar have successfully reduced shrubby species as forest, which can be interpreted to include tree fallows previously exploited 556 for swidden agriculture). This, and the requirement that land owners do not leave land unused 557 for more than five years, discourages farmers from managing their land in long fallows which 558 can provide ecosystem services (Zwartendijk et al., 2017) .
559
We suggest that access to land certification for existing residents at the forest frontier be 560 increased, and that perverse incentives for forest frontier farmers to manage land in short land (Wily, 2008) and so much be done carefully.
564
Of course in-migration is not the only demographic pressure on resources at the forest frontier.
565
Madagascar's population is growing at 2.4% (World Bank) and adolescent fertility rates, while have a strong impact on fertility rates (Martin, 1995 
Supporting information
587
Additional supporting information may be found in the online version of this article. for a) differences between migrants and non-migrants b) distance travelled by migrants, c) 594 probability of having cleared land from forest and d) amount of land cleared from forest. Table S1 for details). households. Migrants also tend to have a higher level of education than non-migrants.
588
846
Predictions are estimated for mean household sizes and household age, for which no differences 847 were observed. Shading indicates standard error on predicted proportions. sizes and wealth characteristics, and low levels of education, as no significant differences were 856 observed in these variables. Shading indicates standard error on predicted probabilities.
